A drug to suppress uterine activity with minimal or no side eflfects would be valuable for the prevention of premature or precipitous labor, or for the control of tetanic uterine contractions. Recently it has been reported that diazoxide*, a benzothiadiazine derivative, a smooth muscle relaxant [15] inhibits myometrial activity of the human uterus [3, 9] with no apparent adverse reactions on the fetus [5, 8] . However, the dose necessary to suppres uterine activity also causes maternal hypotension [5] and the drug has other pharmacologic actions including the induction of hyperglycemia. Because of the lack.of direct Information on the effect of the drug on the fetus, pilot experiments were conducted in our laboratory on the pregnant guinea pig and her fetus [11] , Blood glucose rose to a similar degree in both mother and fetus, and when delivered, the fetuses were acidotic and severely depressed, probably äs a result of maternal hypotension. On the basis of these observations, it was feit that possible adverse effects of the drug on the fetus should be examined more carefully. This paper describes experiments on pregnant subhuman primates in which the inhibiting action of diazoxide on uterine activity, placental transfer of the drug and its effect on the cardiovascular and biochemical state of both mother and fetus were studied. 
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Material and methods
Experiments were conducted on a total of 31 pregnant primates. These consisted of 9 rhesus monkeys (maccaca mulatta) and 7 Java monkeys (maccaca fasicularis), at gestational ages ranging from 132 to 155 days (term 168 days), and 15 baboons (papio hybrid) at gestational ages ranging from 150 to 171 days (term 185 days). Acid-base data from 42 additional pregnant primates studied earlier are included in order to evaluate changes in acid-base state of the fetus following the infusion of diazoxide. The model used has been described previously in detail [7] , Briefly, catheters were placed in the fetal carotid artery or femoral artery and amniotic fluid at hysterotomy, and in the maternal femoral artery and vein. In addition, thermistor probes were placed in the fetal csophagus and maternal rectum. Post-operatively, light sedation was maintained with nitrous oxide and oxygen [12] . Maternal and fetal arterial pressure, heart rate, and amniotic fluid pressure were monitored and recorded continuously. Following the operative procedure, recovery of both mother and fetus was monitored for a period of 2 hours. During this time, uterine contractions commenced spontaneously in 20 animals; in 15 of these, a well-established labor developed while in 5, the contractions remained mild äs in early labor. In the remaining 11, uterine contractions were induced with oxytocin (8 animals) or prostaglandin F 2 oc (3 animals). Oxytocin was administered I. V. at a rate of 5-20 milli-units per minute depending on the dose necessary to increase uterine activity to a level comparable to that seen during spontaneous labor. Prostaglandin F 2 oc was administered I. V. at a rate of 0.3 to 0.6 mg/kg/min; infusion rate was kept constant throughout the experiment. The uterine activity following induced labor was 187 ± 20.2 (S. E.) Montevideo units [1] , and of similar intensity to that seen in spontaneous labor, 216 ± 19.9 (S. E.) Montevideo units. In the 5 animals where uterine activity was comparable to early labor, the intensity of activity was calculated to be between 90 and 120 Montevideo units. Diazoxide was infused intravenously into 21 animals while isotonic saline was infused into the remaining 10, which formed the control group. The infusion was begun at the end of the recovery period \vhen either spontaneous or induced labor was well-established. The diazoxide Solutions were made from Hyperstat® (Schering Corporation, USA) (supplied in 20 ml ampules in a concentration of 15 mg/ml) which was diluted to 2 mg/ml in isotonic saline.
The drug was administered in three ways: (a) in a graded dose to determine dose response, group I, 10 animals, tab. 1; (b) äs a bolus in an attempt to suppress uterine activity acutely, group II, 6 animals, tab. 2 (this is the technique which has been used clinically in humans); (c) in a low dosage äs a slow, prolonged infusion in the 5 animals with only mild uterine activity, group III, tab. 3. In group I, diazoxide was infused for approximately 60 minutes, the dose ranging from 6.2 to 62.7 mg/kg with an infusion rate of 0.11 to 1.10 mg/kg/min; the lowest dose was chosen since it was similar to that given in clinical investigation of pregnant humans [5, 8] . For group II, 6 mg/kg was given äs a bolus. In group III, a 1% solution of diazoxide was administered for a period of 4-7 hours, total dose ranging from 180 to 300 mg with an infusion rate of 0.043^-0.057 mg/kg/min. In the 10 animals which formed group IV (control) isotonic saline was infused at a comparable rate to the infusion given to the diazoxide group.
Blood samples were withdrawn from arterial catheters periodically throughout the experiment for determination of pH, PCO? and Po 2 using Radiometer microelectrodes. The base deficit was calculated by means of the Radiometer blood gas calculator. Blood was obtained from the maternal and fetal arteries for glucose determination in 14 experiments and for measurement of diazoxide concentration in 9 experiments. Glucose content was measured by the glücose^oxidase method; diazoxide concentration was determined by a modification of the method described by CALESNICK [2] . Warm maternal blood, drawn prior to the study, was periodically replaced into the fetal circulation following fetal blood sampling.
Results

Uterine Activity
There was a reduction in the intensity of uterine activity within a few minutes,, of commencing 
Placental transfer of diazoxide (fig. 2)
• f Diazoxide readily crossed the placenta and after 60 minutes of infusion blood levels in the fetus had reached 50% of that in the mother. The level in maternal blood remained high for 60 minutes after completing the infusion, and during this time the level of drug in fetal blood continued to increase. Equilibrium between mother and fetus was reached 60 minutes after completing the infusion when 6 mg/kg were given and in 120 minutes when 60 mg/kg were given. In group III, when a dilute solution of diazoxide was given over several hours, the concentrations of drug in both maternal and fetal blood were similar and reached 10 mg per 100 ml by six hours (B 108, B 124, B 411).
Maternal and fetal response to diazoxide infusion
Blood Pressure and Heart Rate (tab. 5). Infusion of diazoxide resulted in a fall in arterial blood pressure and a rise in heart rate in both mother and fetus. Hypotension was most pronounced when a larger amount of the drug was administered. Fetal hypotension was, in most instances, proportionately greater than that seen in the mother except when the drug was given s a single bolus injection. The degree of maternal tachycardia was also dose related. Although fetal tachycardia occurred, the response was more variable, due probably to fetal asphyxia following Tab. 4. Group IV (Control Group) Acid-base and circulatory changes in the mother and fetus from the pre-infusion values to the termmation of saline infusion. 
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UUe protect people and A\ theiruuork. Diazoxide 6mg/kg i.v. Fig. 3 . EfTect of a single bolus injection of diazoxide on uterine activity induced with prostaglandin F 2 <x. Note the immediate cessation of uterine activity and the onset of maternal hypotension and tachycardia followed by the development of fetal hypotension and tachycardia with a lag time of 2 to 3 minutes. maternal and fetal hypotension. Changes in maternal heart rate and blood pressure began within a minute o£ diazoxide administration and the corresponding changes in fetal cardiovascular Status were seen 2-3 minutes later, reflecting the rapid placental transfer. This was clearly demonstrated in the experiments where a bolus of diazoxide was given (fig. 3) ; it was also seen when the drug was given äs a constant infusion ( fig. 1) . Mild hypotension and tachycardia were also seen in those animals receiving a prolonged infusion at a low concentration (group III), but the changes were not significant. Recovery of maternal blood pressure and heart rate was most rapid in those animals receiving the drug äs a single bolus injection, occurring in approximately 10 minutes (group II). In the animals receiving a total dose of 6-12 mg/kg äs a continuous infusion (group I) recovery rate was much slower (30 to 120 minutes). When a larger dose was given, hypotension and tachycardia persisted for over three hours of observation, after the infusion had been completed. Recovery of fetal blood pressure occurred slowly even in the single injection group. In only one fetus in group I, had it returned to the control level after l hour of obsefvation. In those experiments where the mother received a larger dose of diazoxide, severe fetal hypotension persisted throughout the period of observation. The time during which fetal tachycardia persisted after completing the infusion was variable.
In the bolus injection, group II, it remained for 60 minutes and in half of the animals in group I, it was still present after 3 hours. Läte deceleration of the fetal heart rate, which was seen in 3 animals in each of groups I and II, disappeared when uterine activity was inhibited by infusion of diazoxide ( fig. 1 ). Fetal acidosis incrcased significantly durlng and following infusion of diaaoxide in group I and II. A slight fall in pH was also observcd in group III (low dosage) and group IV (control) over the same timc intcrval, but these changes were not significant. Fetal P O2 values were normal in all but 2 animals at the end of the control period. Infusion of diazoxide was accompanied by a fall in P O 2 which was significant in group L Thus, despitc Inhibition of utcrinc activity, P O2 feil in gcneral. A small rise in fetal P O2 was actually observed in 3 experiments, but was not of a sufficient order to prevent progressive increase in fetal acidosis.
Blood pH and gas tensions
Blood glucose levels
Glucose concentrations in arterial blood were measured in 14 cxperiments, all animals in group I, and 4 in group III. In the first group, mean pre- infusion levels in mother and fetus were 53.7 i 2.52 and 49.2 ± 2.78 mg/100 ml, respectively. There was a rapid increase in blood glucose of both mother and fetue following administration of diazoxide which reached a plateau 30 minutes after completing the infusion. Hyperglyccmia pcrsisted for over 150 minutes. The Standard errors were large because of diflferent doses of diafcoxide. Glucose levels in fetal blood were consistently lower than those in maternal blood ( fig. 4 ). When diazoxide was infused slowly in a low conccntration ( fig. 5 ), no hyperglycemic responsc was observed in either mother or fetus for over 4.5 hours. Thereafter, glucose levels increased in a parallel fashion.
Discussion
The purpose of these experiments was to dctermine the eflfect of diazoxide on the fetus. The effectivenees of the drug in suppressing uterine activity was confirmed, regardless of whether labor was spontaneous or induced; uterine contractions could be suppressed in induced labor, even though the myometrial stimulating agent, oxytocin or prostoglandin F 2 <x> was continuously being infused. However, certain adverse effects were noted. In order to suppress well-established labor, the dose of diazoxide required, also caused matemal hypotension. The drug readily crossed the placenta and caused fetal hypotension which persistcd in some cases. for several hours, probably because the drug has. a long half-life [14] . The bolus injection was most eßective in producing an immediate cessation of uterine activity but the action was of relatively short duration and was associatcd with significant hypotension. Despite this adverse effect on the to that which developed during labor in some fetus, the drug might prove to be very useful animals in our previous experiments. However, for the emergency mänagement of tetanic with diazoxide infusion, the acidosis developed uterine contractions. The drug was effective and more rapidly, 60 minutes äs compared to 120 to without adverse effects on mother and fetus when 180 minutes in earlier experiments. Fürthermore, given in low dosage over a prolonged period o£ the acidosis persisted despite the abolition of time for the control of mild uterine coritrac-uterine contractions. It would appear, therefore, v 'tions.
that the diazoxide administration to the mother Diazoxide administration was followed by the was an important factor in the development of development of acidosis and hypotension In fetal acidosis probably because of maternäl and fetuses in groups I and II. The degree of acidosis fetal hypotension. Prolonged fetal hypotension due which developed was significantly greater than to the long half-life of the drug is also likely that seen in the control group in this series. It to have contributed to the persistence of the might be argued that the fetal deterioration was acidosis, although uterine contractions have been the result of the operative procedure and long abolished. More severe degrees of fetal asphyxia observation period, rather than the action of the also cause hypotension. However, hypotension drug itself on maternäl and fetal hemodynamics. seen in these experiments was of a more rapid The stable condition of animals in group III, onset and of a much greater degree than observed where only small doses of diazoxide were ad-in earlier experiments with a similar order ministered over several hours, without the devel-of fetal acidosis [7] . opment of fetal hypotension or acidosis does not Maternäl blood glucose levels during the control support such an Interpretation. Serial observations period ( fig. 4) were within normal ränge [13] for of acid-base state over a similar time period have rhesus monkeys; the fetal values were slightly been made in 42 earlier experiments (tab. 7). elevated, äs a result of the mild acidosis and Fetal acidosis did not develop if the Uterus hypoxia [4] . The hyperglycemic response in remained quiescent. If labor began spontane-both mother and fetus was prompt and ously or was artificially induced, some degree of sustained. No adverse effect of such hyperglycemia acidosis developed in all fetuses, similar to that has been described for the adult. It is not known seen in normal labor in humans. This was rela-whether or not prolonged hyperglyeemia in the tively mild in those fetuses which were not fetus might have some untoward effect. acidotic when uterine contractions began. Fetuses Our laboratory has in recent years conducted which were more acidotic at the onset of similar experiments to examine the inhibitory labor, probably äs a result of some compromise effect of both ethanol [6] and orciprenaline in maternal-fetal perfusion of the intervillous space (Alupent®) [10] on the uterine activity in the and fetal villi, became more severely acidotic subhuman primate. Diazoxide has been proven äs labor progressed. The degree of acidosis seen to be the most effective of these three drugs in in the present experiments in fetuses of group I suppressing both spontaneous or artificially and II, whose mothers received relatively large induced labor. In particular it was the only doses of diazoxide, was of a comparable degree drug which effectively stopped well-estab-lished spontaneous labor although all three were effective if only mild contractions of early labor were present. It was also the only drug which suppressed artificially induced contractions when given concommitantly with the myometrial stimulating agent. All three drugs had some adverse effects. The dose of ethanol necessary to inhibit contractions produced maternal respiratory depression, fetal hypotension and acidosis. Örciprenaline resulted in mild hypotension and tachycardia in the mother, but quite marked fetal hypotension and acidosis. While diazoxide was the most efFective drug, it also caused the most severe hypotension. Because of this, it cannot be considered the ideal agent for suppressing uterine activity. From our experiments, it would seem that diazoxide is useful for emergency management of tetanic contractions and in low dosage for suppression of premature labor. If employed, particular attention should be paid to the monitoring of maternal blood pressure and fetal heart rate. Should the fetus be born even several hours after the drug has been administered, the newborn may be hypotensive.
Summary
The inhibiting action of diazoxide*, a benzothiadiazine derivative, a smooth muscle relaxant on spontaneous and induced labor, placental transfer of the drug and its effect on the cardiovascular and biochemical state of both mother and fetus has been studied in 31 subhuman primates. Catheters were placed in the fetal carotid artery or femoral artery and amniotic fluid at hysterotomy, and in the maternal femoral artery and vein. In addition, thermistor probes were placed in the fetal esophagus and maternal rectum. Maternal and fetal arterial pressure, heart rate, and amniotic fluid pressure were monitored and recorded continuously. Following the operative procedure, uterine contractions commenced spontaneously in 20 animals. In the remaining 11, uterine contractions were induced with oxytocin or prostaglandin F 2 <x. Diazoxide was infused intravenously into 21 animals while isotonic saline was infused into the remaining 10, which formed a control group. The drug was administered in three ways: (a) in a graded dose to determine dose response, (b) äs a bolus in an attempt to suppress uterine activity acutely, (c) in a low dosage äs a slow, prolonged Infusion with only mild uterine activity. There was a reduction in the intensity of uterine activity within a few minutes of commencing the diazoxide infusion and \vithin 30 minutes there was a 50% suppression of activity, irrespective of whether labor was spontaneous or induced ( fig. 1) . Following the termination of diazoxide, sustained Inhibition continued for 30 minutes or longer, and in those animals receiving the largest dose, the inhibiting action lasted for over 2 hours (tabs. l to 3). Diazoxide readily crossed the placenta and after 60 minutes of infusing the drug, blood levels in the fetus had reached 50% of maternal level ( fig. 2) . Equilibrium between mother and fetus was reached 60 minutes after completing the infusion when 6 mg/kg were given and in * Hyperstat® (Schering Corporation, USA). 120 minutes when 60 mg/kg were given. Infusion of diazoxide resulted in a fall in arterial blood pressure and a rise in heart rate in both mother and fetus (tab. 4). Hypotension was most pronounced when a larger amount of the drug was administered. Changes in maternal heart rate and blood pressure began within a minute of diazoxide administration and the corresponding changes in fetal cardiovascular Status were seen 3-7 minutes later, reflecting the rapid placental transfer ( fig. 3) . Recovery of maternal blood pressure and heart rate was most rapid in those animals receiving the drug äs a single bolus injection. When a larger dose was given, hypotension and tachycardia persisted for over three hours of observation, after the infusion had been completed (tabs. 4 and 5) . Late deceleration of the fetal heart rate disappeared when uterine activity was inhibited by infusion of diazoxide. Maternal acid-base state remained stable throughout the experiment (tab. 6); a slight metabolic acidosis developed äs labor progressed but this was compensated for by a fall in Pcx>2· Varying degrees of fetal acidosis were present at the end of the control period in those experiments where labor was weli-established. The degree of fetal acidosis increased significantly during and following infusion of diazoxide (tab. 7). There was a rapid increase in blood glucose of both mother and fetus following administration of diazoxide which reached a plateau 30 minutes after completing the infusion (figs. 4 and 5). Hyperglycemia persisted for over 150 minutes. The efTectiveness of diazoxide in suppressing uterine activity was confirmed, regardless of whether labor was spontaneous or induced. Certain adverse effects were noted. The dose required to suppress well-established labor also caused maternal hypotension. The drug was efFective and without adverse effects on mother and fetus when en given in low dosage over a prolonged period of time for the control of mild uterine contractions.
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